We analyze semileptonic decays of mesons containing heavy quarks and indicate how to extract the signs and magnitudes of the helicity amplitudes for the exclusive decay mode involving a vector meson, lepton and neutrino by using the joint distribution of the decay products of the vector meson (into a pair of pseudoscalar mesons) and of the virtual W (into a charged lepton and its neutrino). We apply this to specific cases of charm and bottom meson decays with form factors calculated from quark models.
not seem to be any theoretically well-motivated reason to modify the predictions -c, in a significant way, although ad hoc adjustments can be made to fit the data.
In this paper we first derive the kinematic formulas which are necessary to make full use of the data and to extract the form factors for the semileptonic decay of a pseudoscalar meson into a vector meson, such as D t IC*e+v,, by using the joint angular distribution [12~131 of the Ii'* decay (into A'r) and of the virtual W decay (into e+v,). This will permit obtaining the relative signs and magnitudes of the 
$?: Kinematics
We are interested in the exclusive semileptonic decays of pseudoscalar mesons into pseudoscalar and vector mesons, and in particular in the information contained in the joint angular distribution of the final vector meson and the virtual W. Much '12'131 of this is a standard exercise and has been derived elsewhere.
We repeat it here for the sake of writing a self-contained exposition and to clarify the results.
The process at hand for a parent pseudoscalar meson, containing a generic heavy quark, Q, is shown in Figure 1 . We take the lepton to be an electron, and If we have instead the final lepton states e+y, as will be the case for a charmed quark (and not anti-quark) decaying, we must change the ordering of the spinors in the lepton current. The matrix element of the hadronic current must be constructed from Lorentz-invariant form factors and the four-vectors in the problem.
Writing Jp = VP -Ap", and with standard form factor conventions we have for a pseudoscalar meson in the final state:
and for a vector meson in the final state:
where E is the vector meson polarization and q2 = (P -k)2. It is convenient to -.
define the dimensionless kinematic variables y = q2/M2 and z = P-p/M2 by scaling to the parent meson mass. Neglecting the mass of the electron, the kinematically allowed limits of y are from a minimum of 0 to a maximum of (1 -~x/M)~. The range allowed for x depends on the value of y and can be derived from Eq. (2.10) below.
.-
In the parent rest frame we denote quantities by a 'N'. We reserve E,, E,, etc.. (2.76) and y = q"lM'.
The mass shell relation P" = (q + k)2 = Ad2 may be used to obtain expressions for the energy and momentum of the final state meson: The connection of the natural variables in the two frames is made complete by expressing the angular variable in the ev-frame, cos 8, = -cos tl,, in terms of variables in the parent rest frame by evaluating P . p in the two frames:
. Mz = i?:, = ~cos&t~(l-$+y).
(2.10)
The Feynman amplitude is Lorentz invariant and we split the phase space into Lorentz invariant pieces so that it takes on a particularly simple form: drI3 = (4-y)5 Ii-dy dR, dfi2, (2.10)
where dR, is the solid angle of the electron in the ev-frame and &I, is the solid angle of the final meson in the parent rest frame. This gives the differential decay rate:
We now calculate the amplitude squared in the ev-frame. After summing over the electron and neutrino spins one finds the usual result: 12) and when we neglect the mass of the lepton only the spatial components of thelepton tensor are non-zero in the ev-frame: -c where 77 = +l for eG and 17 = -1 for e+v final lepton states and Z is a unit vector along the charged lepton direction in the ev-frame.
Consequently, we only need the spatial components of HP in the ev-frame. It is then useful to expand H in terms of a helicity basis (effectively of the virtual W) in that frame: dr dydR,d&,,
$ sin2 Be cos2 8* IRa12 -.
-(t sin2 0,) (t sin2 8* cos 2$*)2 R+ H- Quite striking in Figure 3 are the large transverse-longitudinal interference terms, which can be picked off through their characteristic cos d* angular behavior.
They peak in the middle of the y range, and have signs which reflect back on the underlying dynamics. They should provide a redundant determination of the relative sizes of the amplitudes, as well as a unique handle on their relative signs.
As another example, we take the decay B + D*e-fi, using quark model form An example of such resealing is to take:
f-w g-+7.
(4.1)
This obviously reduces both the transverse helicity amplitudes by a factor X, but since the form factor f also enters the helicity zero amplitude, that changes also.
We are left with the form factor a+ at our potential disposal. Leaving it with a value from the quark model calculations discussed in the previous Section gives a poor fit to the data of Ref. Table III and Figure 7 for B t pe-fi,. Here we have used a vector current form factor pole at M pole = 5.33 and an axial-vector one at Mpole = 5.75 GeV. Note that in this case, more than a.ny other we have considered, the poles are very close to the edge of the physical region. This means that on the one hand, they should indeed dominate the behavior of the form factors near y = ymax. On the other hand, they change by roughly a factor of three (for the pe-fi, final state) in the q2 range which is available (see Table III ), and different form factors give quite distinct results.
In any case, the results (see Figure 7 ) are quite spectacular: The rate for B + re-fi, is extremely sensitive to what we take for the form factor, for most of the decay rate comes from the region near y = 0, while we are fixing the amplitude at y = ymaz, very near the pole, and using a form factor to extrapolate to y = 0. With Mpole = 5.33 GeV-I, there is a factor of about 14 in the form factor between these two y values! The extrapolation to y = 0 using a single pole is unreliable, but other choices of form factors can be criicized as well. We very much need experiment to guide us here.
l If we scale the f and g form factors by a factor of 0.5 and set a+ = 0.1 GeV-r, as we did for D -+ K*e+v,, then we get the situation shown in Figure 8 . 
FIGURE CAPTIONS
1) The semileptonic decay of a heavy quark, Q, into a lighter quark, Q, and a virtual W which becomes a lepton and neutrino. 
